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C~ and GL, the interface morphology changes from planar to cellular to dendritic as V is increased. In the absence of convection in the melt, these morphological transitions are easily defined from the variation of the periodicity A with V [4] as shown in figure 1 . A cell or a dendrite can be characterized by shape parameters, e.g. A. All experimental variables and the thermophysical properties of the alloy can be properly taken into account by means of three lengthscales : a solutal length a thermal length and a capillary length where D is the diffusion coefficient of the solute in the melt, m the liquidus slope, K the solute partition coefficient, and h the capillary coefficient. In a non-dimensional formulation [5, 6] , the characteristics of the patterns ultimately depend on the level v = f If s of morphological instability and on the absolute-stability parameter A = Kdolf S, introduced by Mullins and Sekerka [7] , which contains capillarity. A level v &#x3E; 1 corresponds to the existence of constitutional supercooling in a liquid layer ahead of a flat solidification front [8] .
The critical wavelength A~ of morphological instability of a planar solidification front is given by the linear stability analysis [7] and is actually observed when the bifurcation is supercritical [9] . Under diffusion control, this is always the case for alloys whose segregation coefficient is greater than 0.45 [10, 11] , among which lead-thallium alloys for which K is slightly higher than unity. Besides these calculations using amplitude expansions, computations [12] have been developed in order to predict the nonlinear structures close to the threshold.
All these analyses do not consider convection in the liquid phase which is quite common on the ground, in particular at low growth velocities. Concerning thermosolutal instability, a lot of work has, since the pioneering study of Coriell et al. [13] , been dedicated to the understanding of the coupling between the convective and morphological branches [14, 15] . [16] . Sidewalls are taken into account by McFadden et al. [17] and by Guerin et al. [18] . It should be noticed that, in practical situations, solutal convection occurs in a medium which is highly confined from the side [19] whereas the phase boundary is laterally infinite for the morphological patterns. [20] . The [21] , upon which the domain of convective instability is superposed (Fig. 2) . After some transformations of equation (5) [15] ), this ratio decreases from 3 x 105 to 130 with increasing velocity. This is due to the fact that the gradient Gc, the strength for instability which is proportional to is 1, acts on a width which is of the order of is but enters to the 4th power into the definition of Rs. [19] and on the scale of the morphological pattern, is not a straightforward task.
We have thus developed a method of repeated polishings followed by chemical etchings on a thick slice which contains the solid-liquid region. Within this zone, the microsegregation of thallium is high enough for the etching to be very sensitive so that we are able to get closelyspaced micrographs. With this procedure, the macroscopic shape of the solidification front is deduced from the contour lines seen at each step and a precise knowledge of the cellular (or dendritic) array is obtained from the microstructure which is revealed place after place on completing the process.
The primary spacing A is determined and defects are analyzed by the Wigner-Seitz method, which for instance has been otherwise used to study disorder in B6nard-Marangoni convection and nematic-shear flow instabilities [23] . First, black-and-white prints at high enough magnification are taken from the negatives, i.e. with a cellular spacing about 1 cm. On these prints, the positions of the cell centers are digitized by manual plotting on a HP 9114 graphic tablet, the accuracy of which is ±0.6 mm. The nearest neighbours of each cell are then identified without ambiguity through a Wigner-Seitz reconstruction for which one draws the segments joining the cell center to its neighbours within 2 to 3 times the presumed periodicity. Next, the segment mid-perpendiculars are drawn. The « reconstructed » cell is finally taken as the smallest polygon which can be defined by these mid-perpendiculars (Fig. 3) . The 2D-cellular array is thus reconstituted cell by cell (Fig. 4) which allows the subsequent study of the defects.
A code evaluates all the intercellular distances (distances from a cell center to the centers of the first neighbours) whose average over about 300 cells is taken as the center-to-center distance r. The cells form an imperfect honeycomb which will be characterized by the primary spacing A = r w5/2, the percentage of defects ds and correlation functions. (Fig. 5 ). These cells do not form an array but rather a labyrinth of wavy channels, similar to what is commonly observed in other instabilities, e.g. in ferrofluids [24] . From observations on a number of binary alloys (see e.g. Refs. [25, 26] ), it is known that such a structure indicates that we are just above the onset of morphological instability, which we thus estimate at V~ = 0.60 ± 0.05 cm/h. As the segregation coefficient is close to unity, this limit is weakly shifted towards lower V by convection. (Fig. 6a) . The structures grow parallel to the direction of pulling, whatever the crystallographic orientation of the solid. The cellular to dentritic transition occurs at Fig. 6. -a) (Fig. 6b). 3. Array characteristics.
3.1 PRIMARY SPACING. -Despite solutal convection in the melt, only a negligible variation of the primary spacing is observed on a transverse section. Nevertheless, for a safe comparison between the different samples, the periodicity A is always measured in the central part of the section, where the macroscopic modulation of the front is weak and nearly axisymmetric [19] . As far as the primary spacing is concerned, cells and dendrites belong to the same regime for the range of velocities considered in this study (Fig. 7) . A least-square fitting through these data points gives a variation which is almost linear (8) [30] which, like the present Pb-Tl alloys, were grown with convection in the fluid phase. Besides, it results from a comparative study of dendritic growth of Al-Cu alloys grown at 1 g and under microgravity that the primary spacing decreases with V under diffusive transport in the melt whereas A shows an opposite behaviour when the transport is mainly convective [18] . We thus consider that it is likely that, besides the reduction of the periodicity, convection rules out the regime and thus imposes the scaling law for A for both cells and dendrites.
These results should be compared to experiments carried out under pure diffusive transport in the melt, e.g. to succinonitrile-acetone alloys grown in Hele-Shaw cells for which [4] for the dendritic regime, for which no significant difference in behaviour has to our knowledge been ever evidenced between 2D and 3D samples solidified in the absence of convection (see e.g. Refs. [31, 32] ). Moreover, the dendritic transition occurs at the maximum value of A so that cells and dendrites then belong to different regimes.
Let us notice that this comparison cannot be extended to any shape parameter. Indeed, the diffusive law for the tip radius R seems to be valid in the whole dendritic range for Al-Cu alloys (see Fig. 4 of Ref. [30] (Fig. 4) . Polygons having from 4 to 8 sides are identified. All but those with 6 sides are considered as defects. Pentagons and heptagons are far more numerous and the most common defect is the pentagon-heptagon pair which, when isolated, is analog to an edge dislocation in a honeycomb, to which a Burgers vector b can be associated (Fig. 8) . Actually, grain boundaries are seen which consist of a succession of pentagon-heptagon pairs. For cellular growth, the percentages of the different types of polygons (Tab. II) correspond to the average values over five Wigner-Seitz reconstructions, one for the very central part of the transverse section and four in the adjacent annulus, at ninety degrees from one another. Therefore, the standard deviation associated with each value is representative of the global uncertainty due to the manual plotting of the cell centers and to the inhomogeneity of the 3D-array on the macroscopic scale, which is essentially linked to convection. From the figures in table II, it follows that both uncertainties are small enough for a pertinent discussion of the trends for hexagons and pentagons and heptagons. For dendrites, two protruding solid areas are observed which are associated with the two principal convective rolls [19] . Consequently, the values are taken from the reconstruction of only the solid area of larger extent, which appears first and is more homogeneous.
The main result is that the percentage ds of defects is very important and apparently depends neither on convection, (since it does not depend on Rayleigh number which varies significantly with V ) , nor on the level u . Such high ds are a first indication of the « liquid » character of the patterns. Indeed, the response of the patterns to a typical method of analysis of the configurations obtained from 2D-melting simulations is qualitatively similar to that of a 2D-liquid. The regular honeycomb which would exist for a « 2D-solid » array is actually « melted » by the defects, from which the aspect of the translational and orientational correction functions will follow, as it will be seen in the next section.
For B6nard-Marangoni convection a different behaviour is observed [22] . Indeed, the patterns are well organized near the onset and disorder progressively increases with distance to the instability threshold. Nevertheless, it should be noticed that ds is very sensitive to the experimental procedure which is used to establish the structures and that great care has to be taken in order to achieve a low ds just above the threshold [34] . Our [23, 35] and which are defined over all the cells. These functions respectively involve a translational order parameter and an order parameter for bond orientation [23] P G (r) is the local Fourier component of cell-center density at a reciprocal lattice vector G and u is the displacement of a cell from its regular position r. The factor 6 in equation (12b) stems from the hexagonal symmetry of the lattice and 0 is an angle relative to an arbitrary axis.
Typical correlation functions are shown in figure 9 for the beginning and end of the cellular range, which reflect the absence of translational order and orientational order for both cases.
For short-range order of the patterns, as for a 2D-liquid, the envelopes of G (r ) -1 decay to zero as exp (-r/~ ) where ~ is the correlation length. The orientational correlation function G6 (r ) can be fitted by an exponential law G6(r) -7-exp (-a r ), whereas it would be constant for a cellular array with long-range order, i.e. alike a 2D-solid. [23] . Once 
